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Introduction 
Traditional analysis of the return frequency of storms does not provide 
information about the highest return frequency of a storm event. Rather it 
provides the return frequency of various duration rainfalls embedded within 
individual storm events. This analysis examined hourly precipitation data and 
defined individual storm events, and then found the highest (least frequent) 
rainfall for durations of 1, 2, 3, 6, and 12 hours within each storm event 
using rainfall return frequencies previously defined (Huff and Vogel, 1976). 
The analysis was performed for four stations in the Chicago area using all 
available hourly precipitation data from 1948 through 1978. Hourly precipita-
tion data were not available in a digital or computer readable format until 1 
July 1948, and digital data prior to this date are unavailable except for spe-
cial analysis. All available data were used for the analysis of significant 
storms, and the data from 1 January 1949 were used for annual and seasonal 
analysis. The four stations used were Chicago Airport (Midway), University of 
Chicago, Roseland, and Mayfair (Figure 1). These stations represent the best 
available array of hourly rainfall stations in the Chicago area. Other sta-
tions had considerable missing data, or had records for only short periods. 
Some additional data were available for 1979 through 1983 for the University 
of Chicago and Midway. However, there were considerable missing data in this 
period for both stations, and only partial analysis could be made. 
The observations at Midway and the University of Chicago were made with a 
weighing bucket raingage, and were reduced by standard procedures at the 
National Climatic Data Center. The Roseland and Mayfair raingages were tip-
ping bucket raingages which measure to the nearest 0.01 inch. These data were 
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Figure 1. Station Locations 
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reduced by the Metropolitan Sanitary District of Chicago. The weighing bucket 
raingages have the advantage of continuously recording precipitation as it 
falls, and have been proven to be reliable for all rain intensities. Tipping 
bucket raingages record a 0.01 inch every time the bucket tips, but they tend 
to underestimate the intensity of heavy rains. The data from the two tipping 
bucket raingages used for this analysis were previously used by Huff and Vogel 
(1976) to develop rainfall-return frequencies for Northeast Illinois, and an 
inspection at that time showed both gages were well exposed and the subse-
quent analysis showed that data from the gages were representative of the 
region. Individual storm are not expected to be in error by more than 5%, and 
since the data for this analysis are grouped, this should present no bias. 
The objective of this study was to 1) divide the hourly rain amounts into 
storm periods, 2) define the greatest recurrence rainfall values for durations 
of 1, 2, 3, 6, and 12 consecutive hours in each storm period, and 3) determine 
if there are any discernible temporal trends in rain intensities. No dura-
tions in excess of 12 hours were used because storms with a greater duration 
were not critical to runoff and other hydrologic calculations. An investiga-
tion was also made using all the storm data to determine if there was any 
change in overall storm frequency of significant storms. 
Analysis 
The hourly rainfall data were divided into storms, and each storm was 
examined to determine if the rainfall for durations of 1, 2, 3, 6, and 12 
hours was expected to occur 5 times or less per year. Huff and Vogel (1976) 
provided return frequency information for durations from 5 minutes to 72 
4 
hours, and for storms that would be expected to occur twice a year to 50 
years. These data and previous results by Huff (1974), were used to make esti-
mates to determine rainfall expected to occur up to 5 times a year. 
A storm was defined as a rain period in which there was no rain 6 hours 
before and after the event. Each storm that had a rainfall equal to or in 
excess of those expected to occur 5 times a year or less for durations of 1, 
2, 3, 6, or 12 hours were rated using values from Huff and Vogel (1976) and 
Huff (1974). For each storm the greatest recurrence value for durations of 1 
to 12 hours was ascribed to the storm, and that became the storm rating. This 
is similar to the way storms are rated when they occur. If any of the rain 
periods from 1 to 12 hours were expected to occur 5 times a year or less (a 
recurrence interval of 0.2 year or greater), the storm was labeled a signifi-
cant storm, and it was used in the analysis. 
Several examples of how storms were defined are given in Figure 2. All 
rains are recorded in the hour ending, so that rain which fell from 0610 to 
0700 is recorded at 0700. Example 1 assumes that the rain began after 0600 
and there had been no rain in the prior 6 hours; the rain continued for the 
next 12 hours, stopped for 3 hours, and then continued for another 5 hours to 
0300 on Day 2. The rains did not start again until after 1800 on Day 2. The 
rain recorded from 0700 on Day 1 to 0800 on Day 2 constituted one storm event. 
Figure 2. Examples of Storm Events from Hourly Data. 
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Storm event 2 consisted of the rain that fell in the one-hour period 
between 1800 and 1900 on Day 2. There was no other rain for 6 hours before or 
after this event, and this rain would become an individual storm event. The 
third storm event began between 0200 and 0300 on Day 3 and continued intermit-
tently without a 6-hour break to 0900 on Day 4. The next storm began after 
1600 on Day 4 and continued to Day 5. 
Storm Analysis-All Storms 
The distribution of all storms for the four stations was examined 1) to 
determine if there were any differences in the distributions, and 2) to insure 
that a good data sample was obtained. Midway, maintained by weather observers 
24 hours a day, had the highest quality data base for the period 1949 through 
1978. Observers kept a constant weather watch, and insured that the equipment 
was working at all times. In addition a tipping bucket gage provided backup 
for hourly rainfall amounts. During the period of analysis, Midway suffered 
no data losses. At the University of Chicago, the raingage was maintained by 
an observer who took daily observations. Occasionally there were equipment 
failures, but more often the data were not entered into the digital data set 
because of late reports. A total of 6 months or approximately 2% of the data 
was missing from this hourly data set. Data from both of these gages were 
reduced at the National Climatic Data Center and its predecessor. 
The Roseland and Mayfair data, maintained by the Metropolitan Sanitary 
District of Greater Chicago, were recorded on daily charts, which were changed 
after each rain event. These data were reduced by the Metropolitan Sanitary 
District, and the need for other work did not always allow these data to be 
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forwarded 1n time for recording into the digital data set. A total of 15 
months of data or about 4% was missing from each of these gages 1n the digital 
data set. 
Most of the missing data from the University of Chicago, Mayfalr, and 
Roseland were reported late and were available 1n hard copy form. These data 
were examined, and any rain events with rainfall 1n excess of 5 times a year 
were added to the data set. Hand estimates were made to determine the number 
of storms during the missing months. The average annual and monthly frequency .. 
of storms for the four stations are given in Table 1. 
Table 1. Average Frequency of All Storms - Monthly and Annual (1949-1978). 
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUAL 
Midway 9.6 8.8 11.0 11.6 10.6 10.5 9.5 8.4 8.3 7.6 8.7 10.1 114.7 
Univ. of 
Chicago 8.2 7.8 10.3 11.3 10.8 10.2 8.8 8.4 8.3 7.8 8.7 8.9 109.4 
Mayfalr 6.9 6.8 9.2 11.2 11.0 10.1 9.5 8.1 7.9 7.3 8.0 7.7 103.8 
Roseland 7.6 7.2 9.4 10.5 10.4 10.0 9.2 8.5 7.9 6.9 8.0 8.3 104.2 
Midway had almost 115 storms each year, compared to 109 at the University 
of Chicago, and 104 at Mayfair and Roseland. During the months from April 
through November there were only minor differences in the average monthly fre-
quency of storms, but Midway recorded more storms during January through March 
and during the month of December than the other three stations. This 1s 
believed to be due to differences in observation practices and in equipment. 
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The observers at Midway recorded all beginning and ending times of pre-
cipitation, and a complete data set was obtained. The ink trace on a weighing 
bucket raingage, such as at the University of Chicago, will not always make a 
discernible mark, and smaller amounts of rain and snow will not always be 
recorded. The tipping bucket raingage also has similar problems. Often snow 
and freezing rain accumulates within the funnel of the weighing bucket and 
tipping bucket raingages, and no recording is made, or several storms with 
small precipitation amounts will be missed. At Midway the observers were able 
to account for these occurrences. A cursory examination of the records at the 
four raingages indicate that for the colder temperatures and lighter precipi-
tation events (less than 0.2 inch of snow), especially snow, the University of 
Chicago, Roseland, and Mayfair did not always register precipitation. How-
ever, the more intense storms, whether they be snow or rain, were recorded. 
Since the primary emphasis in this study is on the intense storms, it is felt 
that the data available were representative of the more intense events. The 
annual number of storms for 1949 through 1978 showed a general increase which 
peaked at Midway, Roseland, and Mayfair from 1972 through 1974. The University 
of Chicago peaked during the period from 1965 through 1970, and showed a 
secondary maximum from 1972 through 1974. 
The annual storm frequency and the 3-year running means for 1949 through 
1978 at Midway are shown in Figure 3. Midway was chosen because it was 
representative of the various storm trends for the 4 stations from 1949 
through 1978, and 1t had the most complete data set. Some minor differences 
are: 1) the number of storms did not peak at the University of Chicago from 
1972 to 1974, rather the storm frequency at the University of Chicago maxim-
ized in the mid to late 1960's with a secondary peak in the early 1970's, and 
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Figure 3. Frequency of Occurrence by Year and 3-Year Running Means of Annual 
and Seasonal Storms at Midway. 
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2) the storm frequency increased more at Roseland and Midway from 1970 through 
1978 than at the University of Chicago and Mayfair. At Midway six of the eight 
years from 1971 through 1978 had a greater number of storms than the maximum 
storm frequency from 1949 through 1970. Similarly, the other stations showed 
a greater frequency of storms during 1971-1978 than from 1949-1970. 
The 3-year running means for each of the seasons are shown for Midway. 
Again Midway closely resembles the data for all four stations. Generally, 
from 1971 through 1978 the frequency of storms during the seasons either max-
imized. Midway and Roseland showed the sharpest increase in storm events dur-
ing this period. 
Other than normal variations 1n the number of storms, there was no ten-
dency or trend toward any shift in the frequency of storms during the period 
1949 through approximately 1970. However, after 1970 the frequency of all 
storms at all stations, except at the University of Chicago, showed an 
increase in the annual number of storms. The storm frequencies at each station 
for each season were quite similar. 
The spring and summer seasons at Midway show little or no trend over the 
30-year period. There are normal variations around the average storm frequen-
cies for these two seasons. Fall and winter showed an increase in the fre-
quency of all storms, and Figure 3 shows that generally there were more storms 
in the 1970's than from 1949 through 1970. When the year was broken into 2-
month periods, the July-August frequency at Midway showed an increase from 
1972 through 1978. September through December showed a marked increase in the 
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occurrence of all storms. The frequency of all storms during May and June 
increased during the early 1970's, and then returned to a more normal storm 
frequency. 
The distribution of all storms by seasons 1s given 1n Table 2. Only the 
storm frequency at Midway 1s shown, since 1t 1s believed that during the 
colder months the storm frequencies at the University of Chicago, Mayfair, and 
Roseland were somewhat less than could be expected. Spring had the greatest 
number of storm events, on the average, with 33.2. The other seasons in 
decreasing frequency were winter, summer, and fall. The monthly storm fre-
quency maximizes in April, and the lowest monthly storm totals were observed 
generally in October (Table 1). 
Table 2. Distribution of All Storms by Season at Midway (1949-1978). 
Winter 28.5 
Spring 33.2 
Summer 28.4 
Fall 24.6 
The distribution of all storms at all stations during the 1949-1978 
period indicated that the storm sample was similar to Midway. As can be 
expected in any spatial analysis of precipitation there were some fluctuations 
around the normal, and there were some spatial differences for some periods. 
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Storm Analysis-Significant Storms 
This analysis concerns the significant storms (as distinct from all 
storms) that occurred from 1949 through 1978 or from 1948 through 1978. These 
are storms with a recurrence interval greater than 5 times per year. A full 
set of data was not available for 1948; consequently those analyses which 
relate to seasonal or annual distribution will use the 1949-1978 period, while 
those analyses that are looking at just the significant storms will use the 
full period of record from 1948 through 1978. 
Table 3 provides the monthly storm frequency for storms with a recurrence 
interval greater than 5 times per year from 1949 through 1978. More signifi-
cant storms occurred during July and from June to September than in other 
months, which is similar to the finding of Huff and Vogel (1976) for 1-day 
storms in northeast Illinois. A secondary maximum occurred during April and 
spring (March, April, and May). Overall, the distribution of significant 
storms by month was consistent from station to station. 
Table 3. Number of Significant Storms -- Recurrence Interval Greater 
than 5 Times Per Year from 1949-1978. 
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUAL 
Midway 4 1 7 13 9 25 30 27 14 6 6 9 151 
Univ. of 
Chicago 3 0 5 17 11 26 29 22 13 6 2 7 141 
Mayfalr 4 2 4 15 11 32 35 29 19 10 2 8 171 
Roseland 4 1 3 12 9 27 30 27 15 10 2 6 146 
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The average distribution of significant storms expected at a station by 
season 1s given 1n Table 4, and it shows that summer (June through August) had 
the most significant storms. Almost three significant storms can be expected 
each year during summer. During spring (March to May) and autumn (September 
to November) about one significant storm per year can be expected; and during 
winter (December, January, and February) significant storms occur less than 
once every other year, on the average. 
Table 4. Average Distribution of Significant Storms by Season. 
Winter 0.41 
Spring 0.96 
Summer 2.80 
Fall 0.88 
The distribution of the significant storms 1s different from the distri-
bution of all storms by seasons. The greatest number of significant storms 
occurred in summer, whereas summer ranked third in the distribution of all 
storms. Spring, which had the greatest frequency of all storms, is ranked 
second in the production of significant storms, closely followed by fall. 
Winter had the least number of significant storms, even though it is the sea-
son with the second largest number of all storms. This distribution closely 
follows the availability of atmospheric moisture. Summer 1s the season with 
the greatest amount of moisture available in the atmosphere, and winter 1s the 
season with the least amount of moisture available (Lott, 1976). For signifi-
cant storms to occur, there must be sufficient atmospheric moisture. 
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The average distribution of significant storms for the four stations by 
months is shown 1n Figure 4. The annual distribution of all significant 
storms shows a maximum during July for both 1- to 3- and 6- to 12-hour storms 
(Figure 4a). The 1- to 3-hour storms maximized during summer, and fell off 
sharply for the remainder of the year. The 6- to 12-hour storms show a more 
even distribution throughout the year. However, they also peaked during sum-
mer, and had a minimum during winter, especially in February. Only minor 
differences occurred for storms with recurrence intervals between 0.2 and 0.5 . 
year, and for storms with a recurrence frequency greater than 0.5 year. Dur-
ing the cold part of the year (November to May), there was usually a greater 
frequency of the longer duration events (6 to 12 hours). This is reasonable, 
since the short, intense rainstorms so typical of summer do not often occur 
during the cold season. 
The frequencies of the significant storms from 1948 through 1978 for the 
four stations are shown in Table 5. These frequencies are for storms expected 
to occur five times a year to those that are expected to occur only once every 
25 years or greater, and for durations of 1, 2, 3, 6, and 12 hours. There are 
only minor differences in the distribution of the storms by return frequency. 
However, the University of Chicago had fewer storms with a return frequency of 
0.5 to 1 year, and more storms than any station with a return frequency of 1 
to 5 years. 
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Figure 4. Average Number of Significant Storms for All Four Stations 
a) All Storms; b) Less Than 2 Times per Year; and c) Greater Than 
2 Times per Year. 
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Table 5. Frequency of All Significant Storms (1948-1978). 
MIDWAY 
Duration Return Frequency (year) 
(hour) <0.5 0.5-1.0 1.1-5.0 5.1-10.0 10.1-25.0 >25.0 Total 
1 12 3 2 0 1 0 18 
2 21 7 4 2 0 1 35 
3 10 2 4 0 0 2 18 
6 13 4 6 0 3 0 26 
12 35 12 5 1 1 2 56 
Total 91 28 21 3 5 5 153 
MAYFAIR 
Duration Return Frequency (year) 
(hour) <0.5 0.5-1.0 1.1-5.0 5.1-10.0 10.1-25.0 >25.0 Total 
1 24 3 3 1 0 1 32 
2 17 2 5 0 0 0 24 
3 16 1 5 1 1 0 24 
6 19 9 8 3 0 0 39 
12 38 7 6 1 0 1 53 
Total 114 22 27 6 1 2 172 
(Continued on next page) 
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Table 5 (continued). 
ROSELAND 
Duration Return Frequency (year) 
(hour) <0.5 0.5-1.0 1.1-5.0 5.1-10.0 10.1-25.0 >25.0 Total 
1 17 3 1 0 1 0 22 
2 22 5 4 0 0 0 31 
3 13 2 2 2 0 0 19 
6 19 5 8 1 0 2 35 
12 30 8 4 0 0 1 43 
Total 101 23 19 3 1 3 150 
UNIVERSITY OF CHICAGO 
Duration Return Frequency (year) 
(hour) <0.5 0.5-1.0 1.1-5.0 5.1-10.0 10.1-25.0 >25.0 Total 
1 15 2 6 0 0 0 23 
2 12 1 7 2 1 1 24 
3 19 2 11 1 2 0 35 
6 7 2 4 0 0 0 13 
12 36 6 3 1 1 0 47 
Total 89 13 31 4 4 1 142 
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In the 30-year sample, as could be expected, there were between 50 and 
60 storms with a return frequency of 0.5 year or greater. To obtain a large 
enough sample, especially for storms with a recurrence interval greater than 2 
times per year, the storm durations from 1 to 3 and 6 to 12 hours were merged. 
The frequency of significant storms by recurrence intervals and duration for 
the four raingages are shown in Table 6. The total number of storms and the 
distribution of those storms from 1 to 3 hours and 6 to 12 hours were similar 
for all stations. The only station which had more storms with 1- to 3-hour 
durations than 6- to 12- hour durations was the University of Chicago. Gen-
erally, 47% of all the significant storms had durations of 1 to 3 hours, and 
53% of the storms had durations of 6 to 12 hours. 
Table 6. Frequency of All Significant Storms by Recurrence Interval and Duration. 
Recurrence University 
Interval Duration Midway of Chicago Mayfair Roseland 
>0.2 1- 3 43 46 57 52 
6-12 48 43 57 49 
0.5-1.0 1- 3 12 5 6 10 
6-12 16 8 16 13 
1.1-5.0 1- 3 10 24 13 7 
6-12 1 7 14 12 
5.1-10.0 1- 3 2 3 2 2 
6-12 1 1 4 1 
10.1-25 1- 3 1 3 1 1 
6-12 4 1 0 0 
>25 1 -3 3 1 1 0 
6-12 2 0 1 3 
Total 1- 3 71 82 80 72 
6-12 82 62 92 78 
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This distribution changed little at Midway, Roseland, or Mayfair regard-
less of the recurrence interval of the storm. However, at the University of 
Chicago 58% of the storm had a 1- to 3-hour duration, and 42% of the storms 
had a 6- to 12-hour duration. In addition, at the University of Chicago for 
recurrence frequencies greater than 1 year, 78% of the storms had durations of 
1 to 3 hours, and only 22% of the storms had durations of 6 to 12 hours. 
The distribution of all storms for various time durations is similar at 
all stations. The major difference 1n the distribution of significant storms 
between the University of Chicago and the other three stations occurred with 
durations of 6 hours or greater, and especially for recurrence frequencies 
greater than 1 year. This difference was most pronounced during the summer 
months (June, July, and August). During summer only five storms with a dura-
tion of 6 to 12 hours had a return frequency of 0.5 year or more at the 
University of Chicago during the period from 1948 to 1978. The other stations 
had a significantly greater number of 6- to 12-hour duration storms with 
return frequencies of 0.5 year or greater; e.g., Midway had 20 such storms. 
During the summer Lake Michigan has a dampening effect upon the lower layers 
of the atmosphere, since the water temperature is less than the land tempera-
ture, stabilizing the lower layers of the atmosphere. As can be seen from 
Figure 1 the University of Chicago is much closer to Lake Michigan than any of 
the other stations, and as a result, it is affected by the lake regime to a 
greater degree. The lake regime appears to reduce the intensity of the longer 
duration storms. As seen in Figure 4, the 6- to 12-hour significant storms 
are more evenly distributed through the year, but these storms still maximize 
during the summer months. However, the longer durations storms did not peak 
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during the summer at the University of Chicago, and this is the major differ-
ence in the distribution of the significant storms. 
The cumulative percent frequency of the significant storm distribution 
for each station is given in Table 7. They show a general maximum of storms 
with durations of 12 hours. This happens because no storms with a duration 
greater than 12 hours were included, as noted 1n the objectives. Conse-
quently, all storms that had significant durations of 12 hours or greater were 
classified as 12-hour storms. Figure 5 provides the average cumulative per-
cent frequency for the four Chicago stations for all significant storms with 
return frequencies greater than 0.2 year and durations of 1 to 12 hours. As 
shown in Tables 5 through 7 the maximum frequency is for storms with 12 hours 
duration. A secondary maximum is associated with storms of 3 to 6 hours dura-
tion for return frequencies of 1 year or greater. 
The University of Chicago has a greater percent of significant storms 
with durations of 3 hours than any of the other stations. Generally, Midway, 
Mayfair, and Roseland have similar distributions for significant storms. Fig-
ure 6 shows the average cumulative percent distribution for these three sta-
tions. The major differences between Figures 5 and 6 are the lower cumulative 
percent frequency of storms with a 3-hour duration for four stations, and the 
greater frequency of storms with a duration of 6 hours for the three Chicago 
stations withouth the University of Chicago. The cumulative percent frequency 
for all four stations and for the stations without the University of Chicago 
is given in Table 8. For example, the cumulative percent of all significant 
storms with a duration of 3 hours is 15.6% with all four stations and 12.8% 
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Figure 5. Average Percent Cumulative Frequency of Significant Storms for Four 
Chicago Stations. 
Figure 6. Average Percent Cumulative Frequency of Significant Storms 
for Midway, Mayfair, and Roseland. 
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Table 7. Cumulative Percent Frequency of Significant Storms. 
MIDWAY 
Duration Return Frequency (year) 
(hour) <0.5 0.5-1.0 1.1-5.0 5.1-10.0 10.1-25.0 >25.0 
1 11.8 4.0 2.0 0.7 0.7 ---
2 22.9 9.2 4.6 2.0 0.7 0.7 
3 11.7 5.2 3.9 1.3 1.3 1.3 
6 17.0 8.5 5.9 2.0 2.0 ---
12 36.6 13.8 6.0 2.7 2.0 1.3 
MAYFAIR 
Duration Return Frequency (year) 
(hour) <0.5 0.5-1.0 1.1-5.0 5.1-10.0 10.1-25.0 >25.0 
1 18.5 5.6 3.9 1.2 0.6 0.6 
2 14.0 4.1 2.9 --- --- ---
3 14.0 4.7 4.1 1.2 0.6 ---
6 22.7 11.6 6.4 1.7 --- ---
12 30.8 8.8 4.7 1.2 0.6 0.6 
(Continued on next page) 
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Table 7 (continued). 
ROSELAND 
Duration Return Frequency (year) 
(hour) <0.5 0.5-1.0 1.1-5.0 5.1-10.0 10.1-25.0 >25.0 
1 14.7 3.4 1.4 0.7 0.7 ---
2 20.7 6.0 2.7 --- --- ---
3 12.7 3.9 2.6 1.3 --- ---
6 23.3 10.6 7.3 2.0 1.3 1.3 
12 28.7 8.7 3.4 0.7 0.7 0.7 
UNIVERSITY OF CHICAGO 
Duration Return Frequency (year) 
(hour) <0.5 0.5-1.0 1.1-5.0 5.1-10.0 10.1-25.0 >25.0 
1 16.2 5.6 4.2 --- --- ---
2 16.9 8.4 7.7 2.8 1.4 ---
3 24.6 11.2 9.8 2.1 1.4 ---
6 9.2 4.2 2.8 --- --- ---
12 33.1 7.7 3.5 1.4 0.7 ---
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Table 8. Average Cumulative Percent Frequency of Significant Storms. 
Midway, Mayfair, Roseland, and University of Chicago 
Midway, Mayfair, and Roseland 
Duration Return Frequency (year) 
(hour) <0.5 0.5-1.0 1.1-5.0 5.1-10.0 10.1-25.0 >25.0 
1 15.4 4 .4 2 .6 0.7 0 .5 0 .2 
2 18.5 6.8 4 .4 1.2 0 .5 0 .3 
3 15.6 6.2 5.1 1.5 0 .8 0 .3 
6 18.3 8.9 5.7 1.5 0.8 0 .3 
12 32.2 9.7 4 . 4 1.5 1.0 0 .7 
Duration Return Frequency (year) 
(hour) <0.5 0.5-1.0 1.1-5.0 5.1-10.0 10.1-25.0 >25.0 
1 15.2 4.0 2.1 0.8 0.6 0.2 
2 18.9 6.3 3.3 0.6 0.2 0.2 
3 12.8 4.6 3.5 1.2 0.6 0.4 
6 20.9 10.2 6.4 1.8 1.0 0.4 
12 32.0 10.3 4.6 1.4 1.0 0.8 
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without the University of Chicago raingage. For 6-hour duration storms the 
cumulative percent frequency is 18.3% for all four stations and is 20.9% for 
three stations. 
In conclusion, Lake Michigan has an apparent effect on the distribution 
of significant storms for durations of 3 and 6 hours. Therefore, it is recom-
mended that for basins more than 2 miles inland of the Lake, an average of 
Midway, Roseland, and Mayfair should be used for a distribution of significant 
storms. Such a distribution is given in Figure 6 and in Table 8. If a dis-
tribution for a basin near Lake Michigan is required, the distribution for 
significant storms found for the University of Chicago would be more appropri-
ate. However, this distribution would need to be verified using other hourly 
raingages near Lake Michigan. 
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Significant Storms by Pentads 
Significant storm data from 1949 through 1983 were analyzed at the 
University of Chicago and Midway to determine if there was any trend in the 
number of significant storms recorded. Changnon (1984a) indicated that the 
number of floods over the past 50 years has increased 1n Northern Illinois. 
This increase is due partially to urbanization and the resultant increase of 
impervious areas. Another factor is a general increase in precipitation dur-
ing the 1970s and the 1980s (Changnon, 1984b). The increase of precipitation 
intensity in the Chicago region is due to urbanization and industrialization 
which inadvertently enhances the intensity and the amount of precipitation 
over an urban region (Huff and Changnon, 1973). The Chicago area has been 
acting to inadvertently modify precipitation systems since before the 1940s. 
Huff and Vogel (1976), using data for 1948 through 1974, determined that the 
return frequencies were higher in the Chicago area than in surrounding rural 
regions. Thus, the data used in earlier significant storm analysis (1948 
through 1978) includes this urban increase of precipitation intensity. 
The significant storms were divided into pentads. During any 5-year 
period, on the average, there can be expected 25 storms equivalent to a 0.2-
year frequency or greater, 10 storms with an equivalent return period of 0.5 
year or greater, 5 storms with an equivalent return period of 1 year or 
greater, and 1 storm with an equivalent return period of 5 years or greater. 
These data were accumulated from the significant storms for the 2 stations, 
and a plot is given in Figure 7. 
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Figure 7. Significant Storm Distribution by Pentads. 
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The ordinate gives the frequency of storms. As can be expected, there 
was some vacillation around the expected frequency of these events. The data 
show that there was a general minimum from 1954 through 1968 in the occurrence 
of significant storms of all frequencies. There was a general maximum at the 
University of Chicago from 1969 to 1978, and at Midway from 1969 to 1973. 
During the years 1979-1983, even though there were some missing data, there 
would appear to be only slight variations. Overall little or no trend could be 
perceived from the hourly data. 
At, both Mayfair and Roseland from 1949-1978, there was a secondary max-
imum from 1959 through 1963. The data after 1978 have not been reduced by the 
Metropolitan Sanitary District for the National Weather Service. Conse-
quently, it is not possible to determine if there has been any increase or 
decrease in the number of significant storms at these stations. However, the 
overall trend at both Mayfair and Roseland showed a decrease in the number of 
significant storms reported since the early 1950s. 
The data were examined by a statistical trend testing technique developed 
by Lee (1980). The occurrence of the significant storms was divided into 7 
classes by recurrence interval shown in Table 9, and was tested for pentads. 
The test is one-sided in that it looks only for no trend (null hypothesis) or 
for an upward trend (alternate hypothesis). The method is a "maximin" test, 
and is capable of detecting a possible trend using frequency data. The 
results from this test (Table 9) are given in terms of p values. Lower p-
values provide the best estimate of rejecting the null hypothesis, and accept-
ing the alternate hypothesis. Only p-values of 0.1 or less are considered to 
be statistically significant. Two of the classes tested show a significant 
upward trend from 1949 to 1983. At the University of Chicago for the 
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recurrence interval between 0.5 and 1 year an upward trend was signifcant at 
0.03, and at Midway for storms with a recurrence frequency greater than 5 
years an upward trend was significant at 0.08. The other 6 classes at the 
University of Chicago and Midway do not reject the null hypothesis, and no 
statistical significance can be ascribed to an upward trend in the occurrence 
of significant storms for these classes. The data were also tested using the 
frequency data from the individual years, rather than the pentad frequency 
data, and this test showed similar results. Overall little or no confidence . 
can be placed in any significant upward trend 1n the occurrence of significant . 
storms within the Chicago area. 
Table 9. P-values for Test of Upward Trends for Pentads. 
Recurrence University of 
Interval Chicago Midway 
.2 to .49 0.38 0.62 
.5 to 1.0 0.03 0.86 
1.1 to 5.0 0.72 0.11 
> 5.0 0.43 0.08 
> 0.2 0.25 0.41 
> 0.5 0.26 0.58 
> 1.0 0.14 0.78 
Midway and the University of Chicago data have had the most consistent 
set of observations over the whole period. Some variations around the antici-
pated number of storms for the various return frequencies within a pentad are 
expected, and these did occur. However the data over the past 30 years show 
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no pronounced trend, and the best estimate one can use for the next several 
decades is the storm frequencies predicted by the frequency analysis of Huff 
and Vogel (1976). For example, in any given pentad about 5 storms with a 
recurrence frequency of 1 year or greater can be expected. 
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